We find that the mixture of Ramond-Ramond fields and Neveu-Schwarz two form are trans- 
Introduction
The transformation of the fields from the Neveu-Schwarz (NS) sector under T-duality is well established. The Ramond-Ramond (RR) field transformation was first given in [1] . The authors in [1] got the RR field transformation by identifying the same RR fields and RR moduli in d = 9 supergravity coming from both ten dimensional type IIA and type IIB supergravity theories compactified down to nine dimensions. Unfortunately this method gives only a specific T-duality transformation, namely Buscher's T-duality transformation [2] . It is hard to get the generalized T-duality group O(d, d) transformations by this method. Recently, Hassan derived the RR field transformation under SO(d, d) group by working on the worldsheet theory [3] . The RR field transformation under Buscher's T-duality was also discussed by Cvetič, Lü, Pope and Stelle using the Green-Schwarz formalism [4] . If we compactify the d = 9 supergravity further down to lower dimensions, we know that the lower dimensional solution has O(d, d, R) transformation and how the NS-NS fields which are assumed to be independent of d coordinates transform under this group [5] . Therefore, we need to find the RR field transformation under the general O(d, d, R) group.
The RR fields transform as the Majorana-Weyl spinors of SO(d, d) [6] . RR fields transforming as the spinors of O(d, d) group is discussed in more detail from the algebraic decomposition of U duality group in [7] 2 . The spinor representation idea was further developed by Fukuma, Oota and Tamaka [8] We define the RR potentials
. Following the definition given by [8] , we define the new mixed fields as
The RR field strengths are
More explicitly, we have
2 The author thanks S. Ferrara for pointing out this reference.
We also use the convention
2 d = 10 Type IIA and Type IIB Reduction to d = 9
The action of ten dimensional type IIA supergravity can be written as
where
∧ dD 1 and the subscript number of a form denotes the degree of the form. Now we dimensionally reduce the action (5) to nine dimensions by the vielbein,
The dimensionally reduced nine dimensional action for the NS and R sector is
and x is the compactified coordinate. Here we follow the general prescription of dimensional reduction given in [10] . For example, the lower dimensional field strength comes from the higher dimensional field strength as H
The action (7) can be obtained from the type IIB supergravity in ten dimensions also if we use the following vielbein for the IIB theory [1] 
together with the following definitions,
The type IIB ten dimensional supergravity action we use is
together with the self dual constraint on F 5 . Now we can get Buscher's T-duality transformations [2] from Eqs. (8a)-(8e) and Eqs. (10a)-(10e) as follows
From the above transformation rules (12a)-(12d), we have the following transformations in terms of the original RR potentials,
In general we should consider the
If we put the NS sector fields in a 2d by 2d matrix
where Φ, G µm , G µν , G mn ,B µν , B µm and B mn are the original NS fields. The O(d, d) transformations for the NS fields are
Spinor Representation
In this section, we will show that the RR fields transform as the Majorana spinors. We can write the general group element Ω of O(d, d, R) as
with
, R) group can be generated by the following three matrices [11] Λ C = 1 1 0
where C T = −C, R ∈ GL(d, R) and i, j, and k = 1 , . . . , d. The action of Λ C shifts the NS two-form by the matrix C. Under the action of Λ R , G → RGR T , B → RBR T . For the group O(d, d, Z), we need to restrict the matrix elements to be integers.
The Dirac matrices satisfy {Γ r , Γ s } = 2J rs with r and s = 1, . . . , 2d. Let
Then we have {a i , a †
Define the vacuum to be a i |0 = 0, we can get the representation (Fock) space as
The spinor representation of the O(d, d) group is given by
For convenience we can define the operator corresponding to a matrix Ω as
The operators for the three generating matrices are [6] [8]
where the repeated indices are summed. We choose + sign for the Λ i operator. The new mixed D fields form a spinor as follows: for d = 1,
) and so on. The fields χ transform as
For instance, the spinor representation matrix of O(1, 1) for Λ i is
From the spinor matrix (31), it is easy to get Buscher's T-duality transformations (12a)-(12d), (13a) and (13b) by combining Eqs. (21) and (30). The spinor representation of SO(1, 1) for
This is a trivial identity transformation. Furthermore it gives a Majorana-Weyl spinor representation.
More Examples
In order to discuss the solution generating transformations, we focus on
Note that Ω is also an element of O(2d), so (Ω T ) −1 = Ω. For example, if we take R = −1 1+2e i , S = −1 1, then we recover the T-duality Λ i discussed before. If we choose [3] S = 1 1, R = cos θ sin θ − sin θ cos θ , then we have the spinor representation
For flat background with zero B field, RR fields transform the same way as the D fields. This result is consistent with that obtained in [3] . If one of the coordinate is timelike, we have
here η is the Minkowski metric, S and R are O(d − 1, 1) matrices satisfying SηS T = η and RηR T = η. For example, R = S = cosh α sinh α sinh α cosh α generate the boost transformation along t-x coordinates,
More explicitly, the boost transformation for the RR field and B field is
Finally let us choose [5] 
In this case, we have
For the background B µν = 0, g 11 = 1 and g 01 = 0, the transformations of NS-NS and RR fields areg
C µν =C µν cosh α − C µν01 sinh α + (C 01 sinh α − C cosh α)(g µ0 g ν1 − g µ1 g ν0 ) sinh 2α 2[1 + (1 + g 00 ) sinh
e −2φ = e −2φ [1 + (1 + g 00 ) sinh 2 α].
Discussion
The RR field transformations are very simple in terms of the new mixed fields D. It is very easy to see the RR field transformations from the spinor representations. For any group element Ω ∈ O(d, d), we can get the spinor representation S(Ω) from Eq (26) or Eq. (27). We can introduce higher degree potentials and field strengths with some constraints as shown in [8] . With the extra potentials, the action for the RR and Chern-Simons terms can be written in a simple way. This may suggest that the D fields are the natural RR potentials. We can apply the transformation Eqs. (21) for the NS-NS fields and the transformation Eqs. (30) for the RR fields to get more general solution generating rules.
Note Added: In the second version of paper [3] , Hassan gave a general transformation of D field by spinor representation and discussed the equivalence of the RR field transformations between his supersymmetry method and the spinor representation.
